Abstract: This paper deals with the issue of robust exponential stability of uncertain neutral system with time varying delay and nonlinear perturbations. Using Lyapunov-Krasovskii functional, new sufficient delay dependent stability conditions have been derived in terms of Linear Matrix Inequalities LMIs solved using efficient convex optimization algorithms. Neither model transformation, nor estimating techniques for cross terms, nor free weighting matrices are involved in this work. Numerical examples are considered to show the efficiency of the proposed stability approach.
Introduction
The phenomena of time delays are frequently encountered in engineering dynamic systems, for instance in chemical process, in network control systems, in long transmission and so on. It is well known that the existence of time delays in a system may be a major source of instability, oscillations and poor performance. In view of this, considerable attention has been devoted to the problem of stability and robustness of time delays systems for several decades, see for example , and the references therein. The developed stability results can be classified into two types: delay dependent stability results, which are concerned with the size of the delay and usually give the maximum delay bounds for making the system stable, and the delay independent stability results, which can be applied with arbitrary delay's size. Generally, delay dependent stability conditions are less conservative than delay independent ones, especially when the time delays are small.
In general, dynamical time delays systems models can be described as two types of functional differential equations. The first one concerns the retarded type which contains delays only in its states, whereas the second concerns the neutral system, being a special case of time delay system, which involved time delay in both state and state derivative simultaneously. Such system can be found in such places as population ecology [18] , distributed networks containing lossless transmission lines [17] , heat exchangers, robots in contact with rigid environments, etc. In recent years, stability issue in various neutral time delay systems have been widely investigated in many reports [8, 11, 13, 14, 16, 26] . Moreover, the stability for the systems with time varying delays will be an important focus that described systems more physical than the constant time delays cases [1, 3, 4, 6, 8, 14, 19, 20, 27] . It is well known that in practice, systems almost present some uncertainties and nonlinear perturbations. Thus, many methods have been proposed to deal with uncertainties and nonlinear perturbations in the literature, and much attention has been paid on robust stability analysis by using the Lyapunov-Krasovskii functional approach [1, 4, 6, 8, 11, 14, 15, [19] [20] [21] [22] 26] .
In [21] , a parameterized neutral model transformation was utilized. Based on a model transformation technique, [6] presents delay dependent stability criteria by using a Lyapunov-Krasovskii functional approach. In [13] , stability conditions for uncertain systems with time varying delay and nonlinear perturbations was developed by applying a descriptor model transformation and a decomposition technique of the delay term matrix. The estimation approaches for bounding the cross terms show in [14] may bring some conservatism. Furthermore, free weighting matrices have been employed in a lot of papers, such as [9] , because they can increase the freedoms to search the Lyapunov matrices and reduce the conservatisms.
On another hand, the problem of exponential stability has also been considered by some researchers [1-4, 7-9, 11, 15, 16, 20, 23] because it is also important indices to get the convergence rates of prescribed time delay systems.
In these contexts, the issue of exponential stability for uncertain neutral systems with time varying delays and nonlinear perturbations remains open, which motivates [8] and this paper but by adding norm-bounded uncertainties to system under consideration.
The purpose of this paper is to investigate the problems of delay dependent robustly exponential stability for uncertain neutral system with time varying delays and nonlinear perturbations. We present a new sufficient condition based on a combination of Lyapunov-Krasovskii functional and Linear Matrix Inequalities LMIs which can be efficiently solved by standard convex optimization algorithms [5] . Neither model transformation, nor estimating techniques for cross terms, nor free weighting matrices are involved in this work. Some numerical examples are included to show the effectiveness of our approach and to illustrate the applicability of the developed results. 
System Description and Preliminaries
Consider the following neutral system with time varying delays and nonlinear perturbations [6] :
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where  and  are positive scalars. For simplicity, we note
The following lemmas and definition will be essential for the development of our results.
Definition 1 [8]
The system (1) is exponentially stable, if there exist positive constants  and  , 1   such that for all ( ) x t , the following inequality holds:
where  is the decay rate and
Lemma 1
Consider the function:
The first derivative ( )
is given by:
V t h t f t h t f s ds
Lemma 2 [5] Let M , N and K be given n n  real matrices such that
Lemma 3 [25] For any constant matrix
and scalar 0 h  , such that the following integral is defined, then:
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Lemma 4 [10] Let  , H , F and G real matrices of appropriate dimensions such that ( ) ( )
T F t F t I
 , then for any scalar 0   , the following inequality holds:
y x be some nonnegative functional or functions, and define the following conditions:
Robust Exponential Stability for Neutral Time Varying Delay Systems with Nonlinear Perturbations
Formulation of a practically computable criterion is proposed in this section to check the exponential stability of the nonlinear perturbed neutral system (1). The following theorem provides a robustly delay dependent exponential stability criterion in terms of LMIs optimization approaches.
Theorem 1
For given scalars 0   and 0 h  , the nonlinear neutral system described by (1) 
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Proof of Theorem 1
Let consider the Lyapunov-Krasovskii functional in the following form:
with:
The time derivative of 1 V leads to:
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Taking the time derivative of 2 V gives that: 
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According to lemma 3, the following inequality holds:
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Then, an upper bound for 2 V  is obtained as:
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The time derivatives of 3 V is: 2 
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From equations (3) and (4), since the following two inequalities hold: 
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Furthermore, one can see that:
Then, the following inequality is obtained:
It follows from equations (25-27) that: 
Remark 1
The proposed exponential stability conditions (11) and (12) are Linear Matrix Inequality LMIs. Hence, by iteratively solving the LMIs given in Theorem 1, with respect to h for fixed d ,  ,  ,  , it is easy to compute the maximum upper bound of the allowable delay h guaranteeing the robustly exponential stability of the system (1) using efficient convex optimization algorithms [5] .
Remark 2
For the case of C 0  , which is studied in [6, 11, 13, 19, 25, 26] , the system (1) can be rewritten as: 
where D , E , h E are constant real matrices with appropriate dimensions, and 
Theorem 2
For given scalars 0   and 0 h  , the uncertain nonlinear neutral system described by (33) is robustly exponentially stable with a decay rate  if there exist positive definite 
Remark 3
The main results developed in this paper are delay dependent exponential stability conditions for perturbed systems (1), (30) and (33). The main improvement is that the proposed Theorems 1 and 2 and Corollary 1 are obtained without using model transformation techniques, bounding techniques for cross terms and free weighting matrices. Hence, it will be shown in the following section that the obtained results are less conservative than those in the literature.
Illustrative Examples
In this section, numerical examples are illustrated in order to demonstrate the application of the theorems given in this paper in order to show the effectiveness of our new stability criteria via making some comparison analysis with the existing results from the literature.
Example 1
Consider the nonlinear neutral system (1) with the following system matrices:
By applying Theorem 1 to the above system, one can obtain the maximum upper bounds of the time delay h under different values of d and  as shown in Table 1 .
Clearly, one can see from the Table 1 that the proposed method provides less conservative results than previous method investigated in [8] and [11] .
Example 2
Consider the nonlinear time delay system (30) with:
Applying the methods in [6, 8, 11, 13, 19, 26, 27] and Corollary 1, the maximum values of h for the asymptotic stability of system under consideration is listed in the following Table 2 . It is easy to see that the stability criterion in this paper gives less conservative result than those obtained in [8, 11, 19] . If
 , the maximum allowable delay h obtained is the same as in [19] . When d 1  , the method [19] becomes infeasible; however our approach has succeeded to give a better result than [8] and [11] which present also an improved result than those developed in [6, 16, 23, 27] .
Example 3
Time delay and nonlinear perturbations (33) with: Table 3 gives out the maximal allowable delay h for the robust exponential stability of system (33) by application of the new Theorem 2.
Conclusion
In this paper, a new delay dependent robust exponential stability criterion for neutral systems with time varying delays and nonlinear perturbations is established. By deriving the stability criterion in terms of LMI and using of Lyapunov-krasovskii parameter dependent functional, the upper bound of the time delays can be calculated easily. The main improvement from the proposed method is that the results have been obtained without using model transformation techniques and bounding techniques for cross terms, and without introducing free weighting matrices. Numerical examples have clearly shown that the criteria derived herein are considerably less conservative than those in the literature. 
